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Abstract 
Large scale sugarcane bagasse storage in uncovered stockpiles has the potential to result in adverse 
impacts on the environment and surrounding communities through hazards associated with 
nuisance dust, groundwater seepage, spontaneous combustion and generation of contaminated 
leachates. Managing these hazards will assist in improved health and safety outcomes for factory 
staff and reduced potential environmental impacts on surrounding communities. Removal of the 
smaller fibres (pith) from bagasse prior to stockpiling reduced the dust number of bagasse by 50% 
and modelling suggests peak ground level PM10 dust emissions would reduce by 70%. Depithed 
bagasse has much lower water holding capacity (~43%) than whole bagasse.  
This experimental and modelling study investigated the physical properties of depithed and whole 
bagasse. Dust dispersion modelling was undertaken to determine the likely effects associated with 
storage of whole and depithed sugarcane bagasse. 
1. Introduction 
Fossil fuels are blamed for global warming but global energy consumption is expected to increase to 
10,558 Mtoe by 2020, compared to 6643 Mtoe in 1995 (Omer 2012).  A key alternative energy 
pathway is direct combustion of biomass which has been used for thousands of years and is still the 
most common mode of biomass utilisation for energy production (Omer, 2008). Biomass energy will 
provide 1193 Mtoe of this energy and 11% of the global energy mix (Omer, 2008; 2012); a significant 
proportion.  
As an energy source, sugarcane bagasse has the significant advantage that it doesn’t interfere with 
the food supply (the sugar is contained in the juice not the waste fibre), it is available in relatively 
large quantities, it is centralised around a sugar factory and it has modest moisture content (only 
~50%). This has lead to it being increasingly used for energy production by direct combustion. Omer 
(2008) identified that there is a major research gap related to implementing promising sources of 
biomass energy; the research presented in this article describes one option for improving a few of 
the environmental and safety issues related to using sugarcane bagasse as a bioenergy resource. 
Around 70% of the world’s sugar production is derived from sugarcane.  During the sugar production 
process, the sugarcane is harvested, transported to the factory and crushed to extract the sugar-rich 
juice stream.  The residual fibre from this extraction process, bagasse, is typically burnt to produce 
steam and electricity to provide the heat and power for factory operations. Sugarcane is an annual 
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crop and factories typically crush sugarcane for 5-9 months per year. In many factories, bagasse is 
stored in large uncovered stockpiles for reclaim during the non-crushing season or for starting up the 
factory at the beginning of the following season.  As the sugarcane processing industry moves 
towards increasing revenue from bagasse, through electricity generation or value-added products 
such as bioethanol, chemicals or pulp & paper, stockpiles are becoming larger and their 
management is coming under greater scrutiny. Dust, groundwater seepage, spontaneous 
combustion and generation of contaminated leachates are some of the possible impacts that 
bagasse stockpiles may have on the surrounding environment and communities. 
Smaller bagasse fibres called ‘pith’ are liberated during the process of sugarcane shredding and 
milling. On a dry, water insoluble basis, the resulting bagasse consists of about 30%-40% pith 
(Atchison, 1962, 1971a, b; Rao, 1997; Rainey et al., 2012) and fibre bundles. Photographs of pith and 
whole sugarcane bagasse are shown in Figure 1. 
The smaller pith fibres are more likely to become and remain airborne during typical bagasse 
stockpiling operations than other bagasse fibres. Pith also fills the voids between the larger bagasse 
particles in a bagasse stockpile, making the stockpile less porous and retaining more water.  
Compared to storage of whole bagasse, stockpiling of depithed bagasse is likely to result in fewer 
dust emissions during handling operations and result in a more freely draining stockpile, possibly 
reducing bagasse decomposition and the subsequent generation and leaching of decomposition 
products from the stockpile. 
Although numerous studies investigated the hazards associated with dust ignition and explosion 
(Traore et al, 2009; Lohrer et al., 2005; Skjold et al., 2005), there has been few related to bagasse 
dust and its occupational safety (as an airborn irritant) and environmental effects.  This study 
assessed the effect of depithing on the safety and environmental properties of depithed and whole 
bagasse, including dust emissions, spontaneous combustion and leachate.  Related data such as 
permeability, compressibility, bulk storage properties and water holding capacity is provided. 
For papermaking applications, depithed bagasse is typically stored wet (>80% moisture) rather than 
in the moist state produced by sugar milling operations (~50% moisture). Commercial depithing 
equipment has been in use for many years to separate pith from the larger fibres preferred for paper 
production. Equipment and maintenance issues associated with depithing technologies have been 
reported (e.g. Atchison, 1971a; Paturau, 1989; Diez and Lois, 1989) as well as the efficacy in pith 
separation (Correa, 1986; Villavicencio, 1971). The influence of depithing on paper making 
properties is well reported (Paul and Kasi Viswanathan, 1998; Giertz and Varma, 1979; Rainey, 2009; 
Rainey et al., 2009, 2010a, 2010b; Rainey et al, 2006; Covey et al., 2006; Lavarack et al 2006; Rainey 
and Clark 2004).  
A thorough literature search did not reveal relevant data on the storage properties of moist 
depithed bagasse. This is presumably because this form of storage is not currently in favour for 
paper production, although some design considerations are covered in earlier work (Lois et al, 1980; 
Lois and Suarez, 1983). This study is focussed on the measurement of physical properties relevant to 
understanding safety and environmental hazards associated with stockpiling operations for moist 
depithed bagasse.  
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2. Materials and methods 
Tests were carried out on samples of whole bagasse, moderately depithed bagasse, depithed 
bagasse and pith to investigate a number of properties. These properties and their corresponding 
effects are shown in Table 1. 
For most of the parameters investigated in this study, standard methods for bagasse do not exist so 
several existing methods were modified or new methods created so as to produce the data 
necessary for investigating the potential stockpile environmental and safety impacts. Methods for 
determining the dust moisture relationship and dust extinction moisture were developed based 
upon a proprietary method for coal dust determination. A new method was developed for 
comparing the water holding capacity of bagasse samples. Standard methods used for other aspects 
of this study (permeability and bulk material properties) are provided.  
2.1 Depithing procedure 
For the depithing procedure, a 1 kg bagasse sample was placed on a vibrating sieve with screen 
aperture of 1.575 mm.  The vibrating motor was turned on and the bagasse was gently mixed by 
hand. The pith (defined as being the component of the bagasse that passed through a screen with an 
aperture of 1.575 mm) passed through the sieve and was collected. The samples were weighed 
before and after each depithing run to determine the proportion of pith separated from the bagasse.  
The time taken to completely depith whole bagasse was measured. The average time for complete 
depithing was approximately 210 seconds. At this time it was observed that small fibre strands were 
beginning to pass through the sieve with very little pith remaining in the sample. Using this 
technique, about 40 % by weight of the original bagasse sample was removed as pith.  
To achieve a moderately depithed sample, a fresh bagasse sample was depithed for 40 s using the 
same technique. This provided a sample with approximately 20 % of the original weight of the 
bagasse sample removed as pith.  
Samples were stored at <4 
o
C. Before use, each bagasse sample was placed onto a large tray and 
thoroughly mixed by hand before sub-sampling for depithing and analysis. The samples were 
separated into the following categories: 
- Whole bagasse – as received from Condong Mill (no depithing); 
- Moderately depithed bagasse – approximately 50 % of pith removed; 
- Depithed bagasse – approximately 100 % of pith removed; 
- Pith – the small particles that pass through the screen. 
2.2 Particle size 
Fresh bagasse was obtained from Condong Mill in September 2010. The size distribution of pith and 
whole bagasse was measured as it is a key input into the dust dispersion model. The size distribution 
of depithed bagasse was calculated based on the size distributions for whole bagasse and pith.  
Generally pith particles have smaller aspect ratios (< 2) than fibre particles (>2) but it should be 
noted that there will be a wide range of particle shapes in any sample of bagasse, pith or depithed 
bagasse. This variability makes it difficult to accurately determine the size distribution of bagasse, 
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pith or depithed bagasse. Laser particle size analysis is the most commonly used method for 
determining the size distribution of fine particles. When the particles are spherical the correct 
diameters are reported but when the particles are irregularly shaped, laser particle size analysis 
becomes less accurate and the reported diameters are those of equivalent volume spheres. Sieving 
is frequently used to determine particle size distributions for bagasse but sieving can often give 
inconsistent results for particles with large aspect ratios (like fibre particles) as the particle passage 
through a screen is affected by particle orientation. Sieving is also unsuitable for very fine particles 
because the small holes required in the screen would become blocked. In this work it was decided to 
use laser particle sizing to determine the size distribution of a pith sample and use sieve analysis 
data to determine the size distribution of a whole bagasse sample. To make the bagasse particle size 
distribution consistent with the pith particle size distribution, the common assumption of bagasse 
particles being cylinders was made and a diameter of an equivalent volume sphere (deq) was 
calculated for the bagasse particles using 
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Equation 1 
where d is the cylindrical particle diameter and l is the cylindrical particle length. 
The geometry (diameter, length) and size distribution for whole bagasse used in this study were 
based on sieve, micrometer and microscopic analyses. With the whole bagasse and pith size 
distributions both expressed in terms of deq an approximate size distribution for depithed bagasse 
could be determined. 
The size distributions, based on deq, for whole bagasse, pith and depithed bagasse are shown in 
Table 2.  
2.3 Dust-moisture relationship and dust extinction moisture 
The analyses for dust-moisture relationship and dust extinction moisture (DEM) were undertaken by 
Tunra Bulk Solids based on an Australian Standard test method for coal dust determination (AS 
4156.6-2000). The test was designed for the determination of the dust-moisture relationship of coal 
samples but has been used for dustability analysis of other bulk powders. The test method had not 
previously been used for fibrous samples such as sugarcane bagasse.  
A photograph of the test rig is shown in Figure 2. In this method, the bulk solid (with a 
predetermined moisture level) is placed inside the rotating drum. Air at a constant flowrate of 170 
l/min is passed through the tumbling sample for 10 min and the dust entrained in the air stream is 
captured in a filter bag inside the filter chamber. The filter bag is weighed to determine the amount 
of dust captured by the bag. This test is repeated on subsamples of various moistures to determine 
the dust – moisture relationship and hence a parameter called the dust extinction moisture (DEM). 
The DEM is the moisture level at which less than 0.01 % of the mass of the sample is lost as dust 
from this procedure (i.e. dust number of 10).  
s
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M
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Equation 2 
Where Mb is the mass of filter bag and dust (g), Ma is the mass of the filter bag (g) and Ms is the mass 
of sample in the drum. 
The dust-moisture relationship and DEM were determined for samples of depithed bagasse and 
whole bagasse. 
2.4 Permeability 
During rain periods, some water will run through the stockpile collecting organic material including 
degradation products such as acetic acid.  The permeability of the pile gives an indication to the 
extent of water channelling. If a stockpile were to have poor permeability, the water would reside 
longer in the pile, collecting more organic material resulting in more contaminated leachate. 
Steady-state laminar flow through a homogeneous porous media can be modelled using Darcy’s Law 
(Equation 1) which is a correlation between the flowrate of water Q the pressure drop per unit 
length ΔP / ΔL and viscosity µ. A is the cross sectional area. 
L
PK
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µ  Equation 3 
K is Darcy’s permeability constant and is the determined parameter. 
Porosity is related to the structure of the porous media whereas permeability is related to how 
water flows through the material.  The permeability and porosity of porous materials can be related 
by the Kozeny-Carman relationship, which is based on capillary theory (Scheidegger, 1974): 
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 Equation 4 
Where  is the porosity, Sv is the specific surface area (cm
-1
) and k is the dimensionless Kozeny-
Carman constant.  It does not necessarily follow that increasing porosity increases permeability as it 
depends on other factors, such as the tortuosity of channels in the porous material. 
There is a wide range of standard methods for permeability measurements depending on the 
material investigated (e.g. those used for composite materials such as Buntain and Bickerton, 2003; 
Parnas et al, 1995). Since there is no standard method for bagasse, permeability experiments were 
performed using a methodology normally used for testing the permeability of soils (Head, 1986) (as 
it was known the bulk properties were similar (Plaza, 2004). This methodology was successfully used 
for bagasse pulp (Rainey et al., 2010c). 
In this method, 124 g of bagasse is packed into a 1 litre cell (Figure 3). Water is applied to the bottom 
of the cell and flows through a distributor plate from a header tank of constant height. The bagasse 
height (ΔL) was recorded to determine the pulp concentration for a known pulp mass. The flow rate 
of the water through the cell (Q) was measured with a measuring cylinder and a stopwatch and the 
difference in water height between the two manometers was recorded (ΔP). 
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These measurements were repeated with 164 g and 204 g of bagasse in the permeability cell. In 
addition, the concentration of bagasse in the cell was adjusted with 204 g bagasse in the cell by 
slightly changing the plunger height ~10 mm from ~190 mm to ~180 mm. The tests were done in 
triplicate (the median data set is presented in the results section).  
2.5 Bulk mechanical properties 
These properties affect the size of a bagasse pile, its permeability and self-heating characteristics 
which can eventually lead to spontaneous combustion. 
As the bulk mechanical properties for bagasse are similar to soil (Plaza, 2004), the methodology 
employed for bulk density, specific volume, void ratio, and porosity are those used routinely for soils 
(Craig, 1987).   
Specific volume = volume of bagasse / volume of fibre particles 
Void ratio = specific volume – 1 
Porosity = void volume / total bagasse volume 
Compaction = particle density / specific volume 
The properties of whole, moderately depithed and depithed bagasse including bulk density, specific 
volume, void ratio, compaction and porosity were measured under varying pressures. For this 
analysis, the test cell consisted of an open top metal chamber with an internal square cross section 
of 180 x 180 mm and an internal height of 200 mm. Two plungers were used to apply varying 
pressures to the test chamber. Plunger 1 had mass of 5.42 kg and Plunger 2 had a mass of 17.24 kg.  
A pre-weighed bagasse sample was gently placed inside the test cell to minimise compaction from 
the chamber loading procedure. The heights of the uncompacted and compacted samples were 
measured at two levels of compaction. Plunger 1 provided a vertical pressure of ~1.7 kPa and 
plunger 2 placed on top of plunger 1 generated the final vertical pressure of ~7.0 kPa. From these 
measurements, bulk density, specific volume, void ratio, compaction and porosity were calculated 
and averaged. 
2.6 Water holding capacity 
A test method for water holding capacity of bagasse samples was developed based on a gravimetric 
test method commonly used for soils. The test procedure involved placing 50 g of bagasse inside an 
open measuring cylinder (ID 58 mm) fitted with metal gauze at the bottom. One litre of water was 
poured in a single action into the cylinder. After 10 min the cylinder was removed from the stand 
and gently shaken to remove free water around the gauze. The mass of water collected in the 
beaker underneath the test rig at varying times was recorded. ‘Water holding capacity’ is defined as 
the water content after 10 min (initial moisture + additional water added) divided by the dry weight 
of the initial bagasse. 
2.7 Dust dispersion modelling 
The dispersion modelling code Ausplume was used to predict ground level concentrations of 
particles with equivalent spherical diameter less than 10 µm (PM10) produced during operations on 
a 150 m by 110 m stockpile of bagasse or depithed bagasse. Ausplume is a Gaussian plume 
dispersion model whose mathematical basis derives from Environmental Protection Agency of 
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Victoria (1985), which is itself an extension of the ISC model of Bowers and coworkers. (1979). It is 
designed for regulatory use (Hearn, 2001) to predict ground-level concentrations or dry deposition 
of pollutantsemitted from one or more sources, which may be stacks, area sources, volume sources, 
or any combination of these. Ground level concentration is defined as the concentration in air of a 
pollutant to which a human being is normally exposed, i.e. between the ground and a height of some 
2 metres above it. The focus of the dust modelling in this paper is on PM10 dust particles rather than 
larger nuisance dust particles.   
The dust dispersion model was calibrated using measured dust fallout data from a similarly sized 
stockpile during a period with stockpile operations. The simulations used meteorological data files 
from a typical Queensland sugar milling region but did not take into account the effects of 
surrounding buildings or trees. As only PM10 particles were modelled in this work, fallout of larger 
dust particles was ignored. All simulations carried out in this work used the Pasquill Gifford 
horizontal and vertical dispersion curves adjusted for surface roughness. The modelled plume rise 
took buoyancy into account. An averaging time of 24 h was used. The modelled stockpile had 
dimensions of 150 m length in the west to east orientation. 
 
3 Results 
3.1 Dust-moisture relationship and dust extinction moisture 
The dust-moisture relationship was measured for samples of whole and depithed bagasse. The 
results are shown in Figure 4. At 50% moisture, the dust number was ~100 for depithed bagasse and 
~200 for whole bagasse.  
The dust extinction moisture of the depithed bagasse was 57%, slightly lower than for the whole 
bagasse (59%), but within the margin for error of the experiment. These results confirm the 
expected result that a greater number of particles is likely to be released from a whole bagasse 
sample compared to a depithed bagasse sample, however both samples are similarly influenced by 
the moisture level of the sample. 
3.2 Permeability 
Increasing the level of depithing improved bagasse permeability (Figure 5). Even a moderate level of 
depithing significantly increased bagasse permeability, K.  The depithed bagasse was 5 times more 
permeable at low concentrations (~0.1 g/cm
3
) and 20 times more permeable at higher 
concentrations (~0.15 g/cm
3
). When the permeability was calculated as (Kc
2
)
1/3
 against 
concentration, c, (a standard method for calculating specific surface area of capillary flow through 
loose cellulose fibres; Robertson and Mason, 1949) R
2
 values were 0.962 for thoroughly depithed 
bagasse, 0.939 for moderately depithed bagasse and 0.936 for whole bagasse. Although Darcy’s Law 
was originally derived for flow through saturated material, it is still applicable to unsaturated 
material (Wilson et al., 1999). These results should be treated as indicative. 
3.3 Bulk storage properties 
The bulk density of whole bagasse was higher than for either moderately depithed or depithed 
bagasse. In an uncompacted state, the bagasse bulk density was 32% higher than for depithed 
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bagasse, and at the final pressure (7 kPa), the whole bagasse bulk density was 22% higher than the 
depithed bagasse (Table 3). Literature values for loose bagasse is 120 kg/m
3
 whilst stacked bagasse is 
200 kg/m
3
 (Chen and Chou, 1993). The specific volume of whole bagasse was 16-23% lower than for 
depithed bagasse; void ratio was 18-23% lower; and porosity was 1.1-1.2% lower.  The calculated 
average mechanical properties of the bagasse samples from the vertical pressure tests are 
summarised in Table 3.  
3.4 Water holding capacity 
The water holding capacity for whole bagasse was 4.7 g(water)/g(bagasse), compared to 3.3 g/g for 
moderately depithed bagasse and 2.7 g/g for depithed bagasse. The water holding capacity of 
depithed bagasse is 43% less than for whole bagasse. 
3.5 Dust dispersion modelling 
Figure 6 shows a contour plot of the predicted 24 h average PM10 ground level dust concentration 
(mg/m
3
) distributions around the (a) whole bagasse and (b) depithed bagasse stockpiles (Rainey et 
al., 2012). The predicted concentrations are those due to typical bagasse stockpiling and transport 
operations and are therefore relative to the normal background dust concentrations. Note the air 
quality objective in the Environmental Protection (Air) Policy 2008 (Queensland Government, 2012) 
is 50 µg/m
3
 for PM10 at ground level over a 24 h average. In all cases the predicted peak ground 
level PM10 dust concentration was about 80 m from the edge of the stockpile and in a north-
westerly direction. 
Depithing reduced peak 24 h PM10 dust concentration from 32.4 µg/m
3
 to 9.4 µg/m
3
, a reduction of 
71%. 
 
5. Discussion 
Data were obtained for various properties of depithed bagasse that relate to the potential 
environmental impacts of large scale bagasse stockpiling operations.  Removal of pith reduces the 
dust number by about 50%, significantly increases the permeability of the bagasse and hence likely 
improving drainage properties of the stockpile, changes the compaction properties and reduces 
water holding capacity of the stockpile.  Based on these results, the likely impacts of depithing on 
the environmental impacts from stockpiling operations are discussed below. 
As expected, depithed bagasse has a lower proportion of small particles than whole bagasse and 
generates less dust particles when tumbled under similar moisture conditions. When dust becomes 
airborne during stockpiling operations, smaller particles have lower settling velocities and are more 
likely to be carried longer distances by the wind. Dust dispersion modelling showed that the area 
affected by dust emissions for depithed bagasse stockpiling operations is much smaller than for 
whole bagasse stockpiling operations. The modelling suggested that peak ground level dust 
concentrations (PM10) would reduce from 32.4 µg/m
3
 for whole bagasse stockpiling operations to 
9.4 µg/m
3
 for depithed bagasse stockpiling operations (Rainey et al., 2012).  
Uncovered stockpiles are subject to rain and the rainwater can either run off the surface of the 
stockpile or seep down into the stockpile. Moisture transport inside the stockpile can potentially 
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result in water leaching down through the compacted base into groundwater, or from the sides of 
the stockpile as leachate. Impurities leached from the fibre can potentially contain organic acids and 
other products.  
The permeability of depithed bagasse was much higher than for whole bagasse, indicating a much 
higher propensity for water to flow through the stockpile. The improved permeability properties of 
depithed bagasse are possibly caused in part by the marginal improvement in porosity, but since the 
permeability improved by an order of magnitude, it is more likely that removing the pith reduced the 
tortuosity of the channels in the pile. This effect has been also shown for depithed bagasse pulp 
(Rainey, 2009; Rainey et al., 2009). The improved flow of water through the stockpile may result in 
less contaminated leachates and a drier stockpile following long term uncovered storage, however, 
this hypothesis has not been validated. 
Depithing bagasse does not necessarily improve its combustion performance even though depithed 
bagasse retains less water. Other factors such as larger particle size and boiler design also play a role 
to negate this effect (Mann and O’Hara, 2012). 
In other modelling work (not shown) depithed bagasse stockpiles have similar self-heating 
characteristics to whole bagasse stockpiles and the risk of spontaneous combustion is similar for 
whole and depithed bagasse stockpiles. The more open structure of the pile allows more oxygen into 
it and increases the exothermic degradation reactions but this is effect is negated by the increased 
convection. The model assumes the same moisture content; the authors believe that depithing will 
reduce the moisture content and reduce the risk of spontaneous combustion. In future work, a large 
500 t depithed bagasse stockpile will be made in order to test these assumptions and validate the 
modelling. 
It is likely that for a bagasse stockpile of a certain weight, a depithed bagasse pile will be around 20% 
larger due to lower bulk density. This may result in higher costs (e.g. stockpile operations would take 
longer) and possible impacts resulting from the stockpile’s larger footprint, such as a greater overall 
stockpile surface area.  
The effect of depithing for improving the risk to workers health, risks of combustion and 
environmental impact are shown in Table 4. The authors expect depithing to achieve a significantly 
reduced risk of factory workers and the surrounding community to dust emissions.  There is not 
expected to be a deterioration in the risk for spontaneous combustion of the stockpile as a result of 
depithing based on modelling work. Finally, the effect of depithing on the amount of contaminants 
in the leachate is not yet entirely understood and a pilot scale bagasse stockpile would be required 
to elucidate more information. 
6. Conclusions 
Provided that the depithing operation does not itself result in significant dust emissions, depithing 
bagasse is very likely to significantly reduce dust emissions from stockpile operations. Depithing 
reduced the dust number of bagasse by 50% and modelling suggests peak ground level PM10 dust 
emissions would reduce by 70%.  Depithing has the potential to reduce the risk associated with 
bagasse stockpiling for factory workers and the surrounding community.It does not appear that 
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depithing increases the risk of spontaneous combustion and it is thought that depithing will reduce 
leachate contamination although this requires validation. 
Depithed bagasse has much lower water holding capacity (~43%) than whole bagasse. This is due to 
the lower fibre surface area. Despite having expected lower moisture content, combustion 
performance is not expected to improve due to the larger particle size.  
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 (a) (b) 
Fig. 1 – Photo of (a) bagasse pith and (b) whole bagasse 
 
 
 
 
 
 
 
Fig. 2 – Schematic of moisture relationship test rig 
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Fig. 3 – Apparatus used for permeability experiments 
 
Fig. 4 – Moisture relationship for depithed and whole bagasse 
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Fig. 5 – Bagasse permeability 
 
  
(a) Whole bagasse   
 (b) Depithed 
The stockpile is represented by the red square in the centre. 
Fig. 6 – PM10 ground level dust concentration 
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Table 1 – Properties evaluated 
Property Effects  
 Dust  
emissions 
Groundwater 
and leachate 
Combustion  
efficiency 
Storage 
properties 
Particle size distribution X  X  
Dust moisture relationship  X    
Dust extinction moisture X    
Permeability  X   
Bulk density    X 
Specific volume    X 
Void ratio    X 
Compaction    X 
Porosity    X 
Water holding capacity  X X   
 
Table 2 – Bagasse mass fractions 
Size group Whole bagasse Pith Depithed bagasse 
< 10 µm 0.65 1.43 0.19 
10 µm – 50 µm 2.03 3.83 0.76 
50 µm – 100 µm 2.64 6.56 0.95 
100 µm – 500 µm 25.81 55.79 7.59 
500 µm – 1000 µm 32.34 27.54 41.66 
1 000 µm – 5 000 µm 34.78 4.85 40.48 
5 000 µm – 10 000 µm 1.65 0.00 6.07 
> 10 000 µm 0.10 0.00 2.30 
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Table 3 – Average mechanical properties 
 Variable Whole 
Moderately 
depithed 
Depithed 
No pressure 
Bulk density (kg/m
3
) 127 103 96 
Specific volume 21.9 26.7 28.4 
Void ratio 20.9 25.7 27.4 
Compaction (kg/m
3
) 69.8 57.2 53.9 
Porosity 0.954 0.963 0.965 
Initial pressure = 1.68 kPa 
Bulk density (kg/m
3
) 164 138 129 
Specific volume 17.0 20.1 21.2 
Void ratio 16.0 19.1 20.2 
Compaction (kg/m
3
) 89.9 76.3 72.1 
Porosity 0.941 0.950 0.953 
Final pressure = 7.02 kPa 
Bulk density (kg/m
3
) 208 168 170 
Specific volume 13.4 16.5 16.1 
Void ratio 12.4 15.5 15.1 
Compaction (kg/m
3
) 114.4 92.9 94.9 
Porosity 0.925 0.939 0.938 
 
Table 4 – Effect of depithing on safety and environmental risks 
 Whole bagasse Depithed bagasse 
Risk to workers health through dust inhalation H L 
Impact of dust on surrounding community 
 M L 
Risk of spontaneous combustion M M 
Leachate contamination M U 
H= High; M = Medium; L= Low; U = Uncertain 
